ABSTRACT Americans' distrust in the health care system has increased in the past decades; however, little research has explored the impact of distrust on self-rated health and even less is known about whether neighborhood social environment plays a role in understanding the relationship between distrust and self-rated health. This study fills these gaps by investigating both the direct and moderating associations of neighborhood social environment with self-rated health. Our analysis is based on the 2008 Philadelphia Health Management Corporation's household survey and neighborhood-level data. Findings from multilevel logistic regression show that after controlling for individual-and neighborhood-level covariates, distrust is directly and adversely related to self-rated health, and that neighborhood social affluence and stability are directly and negatively associated with the odds of reporting poor/fair health. Neighborhood disadvantage and crime rates are not directly related to self-rated health, but increase the odds of having poor/fair health via distrust. Overall, our results suggest that macro-level actions can alter individual's perception of residential environment and lead to improved health. To improve the public health in an urban setting, rebuilding confidence in the health care system is integral, and the policies that help establish safe and cohesive neighborhoods may reduce the adverse effect of distrust on self-rated health.
INTRODUCTION
The past decades have witnessed a remarkable decline in trust in the American health care system, from a high record of 70%+ of adult Americans reporting a great deal of confidence in medicine in 1966, to a record low of 20% in 1991, and more recently 34% in 2010. 1 It is noteworthy that health care system distrust does not translate into high levels of distrust in personal physicians or health care providers. 2 Indeed, over 80% of Americans believed their doctors "always" or "most of the time" do the right thing in delivering care. [3] [4] [5] Although previous research has documented that the level of distrust in physicians is associated with individual behaviors, such as seeking medical care, maintaining appropriate health care, and adhering to medical advice, [6] [7] [8] relatively little is known about whether health care system distrust (hereafter distrust) is associated with self-rated health, a predictor of numerous health outcomes. [9] [10] [11] Moreover, even less is known about whether neighborhood social environment plays a role in understanding the association between distrust and self-rated health. The goal of this study is to answer these questions with the institutional performance model (discussed below) and examine a theoretical framework where social environment is hypothesized to moderate the effect of distrust on self-rated health.
Previous research on self-rated health has provided consistent findings that individual factors are important determinants. Unemployment, poverty, low educational attainment, and age are adversely related to self-rated health, but marriage can be protective. [12] [13] [14] Using different measures of distrust, 2 recent studies in the USA and Sweden found that high levels of distrust were related to poor self-rated health. 15, 16 These finding were robust even after controlling for individual access to health care, personal care-seeking behavior, patient's trust in their own primary health providers, and other socioeconomic and demographic variables. From a practical and theoretic perspective, high distrust complicates many facets of health care, including the dissemination and adoption of health information, enrolment in clinical trials, use of innovative treatments, and the maintenance and continuity of treatment. [17] [18] [19] Such adverse associations imply distrust is negatively associated with self-rated health. 15 Several studies have found direct effects of neighborhood-level social factors on human health, such as socioeconomic composition (social affluence and disadvantage), neighborhood stability, and community safety. [20] [21] [22] Although distrust and direct effects of the social environment have been increasingly incorporated into research on self-rated health, due to data limitations, it remains unclear whether neighborhood social environment moderates this relationship.
The institutional performance model has been used to explain the increasing levels of distrust over the past decades. 23 The underlying assumption of this model is that individuals judge the medical system not by what the leading players in the system do, but by their overall perception of how things are going around them. Hence, the declining trust in the health care system is believed to be associated closely with the declining trust in government and other social institutions beyond health care institutions, such as banks, Congress, and the Executive branch. 23, 24 Explicitly, the institutional performance model leads us to anticipate that the levels of distrust vary by social environment, despite those factors undermining trust in medical system, e.g., continually rising insurance premiums, rising prescription costs, large numbers of uninsured, managed health care, limits on patients' choice of health services, and general commercialization of medical care. [25] [26] [27] [28] [29] As the social environment, to some extent, determines the level of distrust, the impact of distrust on self-rated health could, thus, depend on the local residential environment where people live; that is, what is going on in their neighborhood.
Following the institutional performance model, we argue that social environment should moderate the association between distrust and self-rated health. We test the following hypotheses: (1) High distrust is associated with poor self-rated health, even after controlling for both individual and neighborhood covariates, and (2) the social environment is directly associated with self-rated health, including (2.a) neighborhood affluence is positively related to self-rated health, (2.b) neighborhood disadvantage is associated with poor self-rated health, (2.c) high crime rates are associated with poor self-rated health, and (2.d) neighborhood stability is positively associated with self-rated health; (3) we expect that social environment moderates the relationship between distrust and self-rated health and hypothesize that the association between distrust and self-rated health is to be (3.a) stronger in the neighborhood with higher crime rates, (3.b) less pronounced in the neighborhood with higher levels of social affluence, (3.c) enhanced by neighborhood disadvantage, and (3.d) reduced by neighborhood stability.
DATA AND METHODOLOGY

Data Source
Individual-level data are drawn on the Philadelphia Health Management Corporation's (PHMC) 2008 Household Health Survey, a biannual telephone survey that collects information on health behavior and health care experience in a 5-county area in southeast Pennsylvania. 30 Using a stratified sampling frame to ensure representation within metropolitan Philadelphia, the interviews were conducted between June and October 2008 via a random-digit dialing methodology. 30 
Measures
Individual Level The dependent variable is self-rated health. The respondents were asked to evaluate their health as poor, fair, good, or excellent. We dichotomized responses into poor/fair and good/excellent (the reference group, coded 0). Even though self-rated health could be treated as an ordinal variable, dichotomizing selfrated health is common and facilitates comparison with earlier studies. 16, 34, 35 The independent variables can be categorized into 4 groups. Of primary substantive interest to us is a 9-item health care system distrust scale developed by Shea et al. 36 The reliability and validity of this scale have been tested and reported elsewhere. 36 Using the 2008 data and factor analysis with the varimax rotation method, we follow Shea et al. and divide distrust into 2 sub-scales that capture different dimensions of distrust: competence and values distrust. Table 1 reports the factor loadings for each item on the sub-scales. Responses were answered on a 5 level Likert scale from "strongly agree" to "strongly disagree." Each item loaded on only 1 dimension. The eigenvalues were 3.52 and 1.19, respectively, and the total variance explained was 52%, which was similar to the original paper. We generated 2 factor scores based on regression methods and included these in our analysis as measures of distrust. 37 While missing data on any 1 item were rare, we imputed missing values based on an EM algorithm for continuous variables. 38 Imputed scores were rounded to the nearest whole number to reflect the Likert scales.
Demographic characteristics were the second group of predictor variables and were all self-reported by the participants. Age was treated as a continuous variable and gender was treated as a dichotomous variable with males coded 1 and females coded 0. Race/ethnicity comprised 4 categories: Black (reference group), White, Hispanic, and other race/ethnicity. Marital status was classified into 3 groups: single (reference group); married or cohabiting; and widowed, divorced, or separated (WDS in tables).
The third set of variables captured socioeconomic status (SES). Employment status was dichotomized into employed and others (e.g., disabled, unemployed, or retired; reference group). Poverty status was determined according to the 2008 federal poverty guideline. Those respondents in households with incomes below the poverty line were classified as poor and coded 1, otherwise 0. Educational attainment had 5 groups: did not graduate from high school (reference group), high school diploma, some college, an associate/bachelor degree, and post-college diploma.
Our final group of individual-level covariates were related to access to medical services. Those with health insurance, either public or private, were coded as 1, otherwise 0. Having a regular source of health care (i.e., private doctor's office or community health center) was coded 1, otherwise 0. Participants who had cancelled a medical appointment due to transportation difficulties were coded 1, in contrast to those without this experience (coded 0).
Neighborhood Level
We utilized 5 variables to capture neighborhood social environment. The 2000 Census data at tract level were aggregated to Philadelphia neighborhoods to create the following covariates: residential stability, social affluence, and neighborhood disadvantage. These measures were motivated by Sampson and colleagues and other studies. 20, 39, 40 Residential stability was derived from 2 variables: the percent of house owners and the percent of residents living at the same address over 5 years. Due to the high correlation between these 2 variables (0.71 [pG0.01]), we standardized the 2 variables and averaged the scores to yield one single indicator of residential stability. Social affluence and neighborhood disadvantage were 2 factor scores derived from 8 census variables. Five variables loaded on "social affluence": percent of households with resident/room ratio greater than 1 (factor loading = 0.77), percent of female-headed households (0.85), unemployment rate (0.94), poverty (0.96), and percent of people receiving public assistance (0.89). Neighborhood disadvantage included 3 variables: percent of residents having at least a bachelor's degree (0.96), percent of people reporting The final 2 variables relate to neighborhood crime. We obtained the 2004 tractlevel crime data from the Philadelphia Police Department and aggregated these to the neighborhood level separately for property and violent crime (and converted to rates per 1,000 resident population). Total property crimes include residential and commercial burglaries, theft, auto theft, and arson, while violent crimes include robberies and aggravated assaults. In contrast to property crimes, violent crimes were relatively rare and it is appropriate to analyze them separately.
Analytic Strategy
To test our hypotheses, logistic multilevel models were implemented in HLM 6. 41 We first conducted a model where distrust variables and 3 random effects were included (see Eq. 1). If the Chi-square tests for the random effects were statistically significant, this is evidence that multilevel analysis may be used and that neighborhood-level covariates may explain the variation across neighborhoods.
where η ij -is the log odds of reporting poor/fair for the ith individual in the jth neighborhood ϕ ij -is the log odds of reporting poor/fair self-rated health r ij -is the random effect for the ith individual in the jth neighborhood γ 00 -is the intercept in the data γ 10 -is the fixed effect of the competence distrust γ 20 -is the fixed effect of values distrust u 0j -is the random effect for the jth neighborhood u 1j -is the random effect for competence distrust at the jth neighborhood u 2j -is the random effect for values distrust at the jth neighborhood Next, the associations between other individual-level variables and self-rated health were examined. In doing so, the first hypothesis can be tested. If the random effects are significant after accounting for individual characteristics in the models, we then take neighborhood social environment covariates into account. Eq. 1 can be expanded into Eq. 2 (below) and the direct associations between neighborhood social environment and distrust can be examined:
where DISTRUST, SELF-RATED HEALTH AND NEIGHBORHOOD SOCIAL ENVIRONMENTγ 01 -is the direct effect of neighborhood social environment l w lj -is the neighborhood social environment feature l of jth neighborhood β kj -is the fixed effect of individual covariate k x ijk -is the covariate k of individual i at neighborhood j
To test if neighborhood social environment moderates the relationships between distrust and self-rated health, the interactions between individual distrust scores and social environment need to be considered, 42 as shown in Eq. 3. The statistically significant γ competence,l or γ values, l indicate that the associations of distrust with selfrated health vary as a function of the neighborhood social environment measures.
where γ competence,l -is the moderating effect of competence distrust of the neighborhood feature l γ values,l -is the moderating of valid distrust of the neighborhood feature l Table 2 displays the descriptive statistics for all individual-and neighborhood-level variables used in our analyses. The mean age was 51, and one-third of the respondents were male. Almost 30% of the respondents reported poor/fair health status and more than 40% were African Americans. While 25% of the respondents were windowed, divorced, or separate, 2 out of 5 individuals were married or cohabiting. Fifteen percent were in poverty and 88% had graduated high school. In terms of access to medical services, 10 percent did not have health insurance, almost 90% identified a regular source of care, and 12% had cancelled a medical appointment due to transportation difficulties. The average rate of violent crimes and property crimes was approximately 13 and 48 crime incidents per 1,000 population in a neighborhood, respectively. However, the high standard deviations suggest that crime rates varied greatly across neighborhoods.
RESULTS
The results of the individual-level models are provided in Table 3 . Without controlling for other variables, values distrust, though not competence distrust, was associated with poor/fair health. However, it should be noted that the 3 random effects (variance components) were all statistically significant in model I, indicating the importance of the neighborhood contexts used in this study. Inclusion of demographic predictors in model II did not change the associations of distrust with self-rated health. When SES factors are added (model III) however, both competence and values distrust became significant determinants of poor/fair health. This result echoed a recent finding-distrust varied by demographics and SES covariates, but had an independent impact on self-rated health. 15, 36, 43 The access to medical services measures (model IV) did not change this substantive finding.
For completeness, we discuss the findings at the individual level based on model IV. After controlling for all individual-level variables, both dimensions of distrust were positively associated with the odds of reporting poor/fair health. Moreover, the magnitudes of their effects were similar, where a one unit increase in the standardized distrust scores is associated with over a 10% increase in the odds of evaluating overall health as poor/fair.
A 10-year increase in age is associated with an almost 20% increase in the odds of reporting poor/fair health (1.016^10=1.172). White respondents were 30% less likely to have poor/fair health compared with black respondents. Although marriage/cohabitation showed a protective effect on self-rated health in model II, this relationship became insignificant after accounting for SES. Educational attainment, employment, and poverty status were all significantly associated with self-rated health. For example, those in poverty were almost 50% more likely to have poor/fair health compared with those above the poverty line. An education attainment gradient is evident, with the odds of poor/fair health decreasing as the highest level of attainment increases. Insurance status and regular source of care were not related to self-rated health; however, transportation difficulties tripled the odds of reporting poor/fair health status. The neighborhood-level random effects of both distrust scores remained significant, suggesting that neighborhood features may explain why the relationships between distrust and self-rated health differ by neighborhood. Table 4 displays the results of the 2-level logistic regression models. Model V included stability, disadvantage, and affluence. The inclusion of these neighborhood features did not affect the findings at the individual level. Both distrust scores, for instance, remained positively related to self-rated health. At the neighborhood level, only affluence was negatively associated with health status. Specifically, other things equal, a one standard deviation increase in the neighborhood affluence score was associated with a 30% decrease in the odds of evaluating health as poor/fair. The variance components of distrust scores were unchanged between models IV and V, but the included neighborhood characteristics reduced the magnitude of the random effect of the intercept by roughly 36% ((0.056-0.036)/0.056=0.36). That is, neighborhood characteristics are of relevance to self-rated health.
We also considered the role of the neighborhood social environment in moderating the associations between distrust and self-rated health. In model VI, the results suggested that disadvantage enhanced the association between competence distrust and poor/fair health. Specifically, competence distrust was associated with an additional 20% increase in the odds of reporting poor/fair health if the respondent had resided in a neighborhood with one standard deviation higher in the disadvantage score. It should be noted that this moderating association did not alter the direct relationship between competence distrust and self-rated health.
With the crime rates added in model VII, the association between competence distrust and self-rated health became stronger (a 30% increase in the odds of having poor/fair health) and values distrust was insignificant. Even with these model refinements, the associations of the individual demographic, SES, and access to medical services predictors with self-rated health were stable. The inclusion of crime rates in models VI and VII is indicative of their role in distrust formation. Stability was a significant determinant of self-rated health, where living in a stable neighborhood reduced the odds of having poor/fair health by 19%. This finding corresponded to a recent study that investigated the impact of neighborhood stability on health. 20 Though we did not find a direct association between either violent or property crimes and self-rated health in our final model, these variables were indirectly related to poor/fair health via distrust, the moderating associations. Specifically, the relationship between values distrust and self-rated health seem not to differ by neighborhood social environment factors. Nonetheless, the association between competence distrust and poor/fair health status was enhanced by crime rates. When holding constant competence distrust, the odds of having poor/fair health raised with the increase of crime rates. More specifically, property crime rates had a significant 
DISCUSSION
This study uses an institutional performance model framework to explore whether neighborhood social environment moderated the association between health care system distrust and poor/fair health. Our hypotheses (3.a) and (3.c) are verifiedneighborhood disadvantage and crime rates increase the odds of having poor/fair health via high competence distrust. We did not find evidence for the moderating effects of social affluence and stability; however, these 2 neighborhood features are directly associated with poor/fair health (hypotheses 2.a and 2.d). That is, our study suggests that specific attributes of the neighborhood social environment link to selfrated health, and do so in different ways. Without studying the interactions between individual distrust and neighborhood environment, this would not be revealed. Finally, even after controlling for individual-and neighborhood-level covariates, distrust is directly related to self-rated health, confirming hypothesis (1). Not only does this study provide evidence in the health literature of whether neighborhood environment matters, 20, 21 but also advances the literature by demonstrating how the neighborhood social environment affects individual health status. While associations between crime rates and mental health have been found, 44, 45 we did not find a direct association with self-rated health. By expanding the institutional performance model, we argue that an individuals' residential environment is relevant in their personal evaluation of their self-rated health. This paper has several limitations. Firstly, there is no consensus on the definition of a neighborhood. 46 While we used the neighborhood boundaries defined by local planners and policy makers, other areal definitions may alter the calibration of social environment variables and the findings aforementioned may be changed. Secondly, our statistical modeling assumes that individuals are only affected by their residential neighborhood. The impacts of other places on self-rated health, e.g., the neighborhood where people work and shop, are ignored. Thirdly, the PHMC covers the Philadelphia metropolitan area, so caution is required in generalizing these findings to other metropolitan areas or populations. Fourthly, although we used different cross-sectional datasets in our analysis, a longitudinal and quasi-experimental research design is preferable in untangling any causal relationships between neighborhood social environment, distrust, and health. Finally, the survey data are self-reported and subject to recall bias and measurement errors. 47, 48 Several policy implications may be drawn from the findings. As distrust is directly linked to self-rated health, a valid predictor for many other health outcomes, 11 rebuilding confidence (reducing distrust) in the health care system is integral to improving public health. For instance, a recent study has suggested that high levels of distrust in the health care system is associated with low odds of using preventive health services, controlling for other competing explanations. 49 Our results also imply that policies that target crime to help establish safe and cohesive neighborhoods may further reduce the impact of distrust on self-rated health. These macro-level actions can increase individuals' perception of health care performance and facilitate health.
In conclusion, by using a newly developed health care system distrust scale and the institutional performance theory, this study tested both the direct and indirect associations of neighborhood social environment with self-rated health. Social affluence and stability were directly associated with poor/fair health, but crimes and neighborhood disadvantage influenced health via distrust. Although multilevel modeling has been popular in health studies, little research has explicitly examined the interactions between individuals and neighborhood social environments.
